In the colorimetric determination of pectin by the carbazole method, some of the interfering compounds have been identified but the possible interference of different hydrocolloids is not known. Several hydrocolloids are currently used in the preparation of imitation and adulterated orange juice for cloud stabilization. Hydrocolloids studied were gum arabic, carboxylmethyl cellulose, sodium alginate, carrageenan, guar gum, and xanthan. The effects of these hydrocolloids on the carbazole method for pectin determination was studied. Procedures are proposed for the correct use of the carbazole method for pectin determination in the presence of extraneous hydrocolloids.
T he carbazole method for the determination of hexuronic acids was proposed by Dische (1) and modified later by Dietz and Rouse (2) . The determination is based on the reaction of pectin with carbazole, in an excess of concentrated sulfuric acid, for the development of a pink coloration. The intensity of the color is measured with a spectrophotometer at 525 nm.
The method has been found to be specific for hexuronic acids. In this reaction, glucuronic and galacturonic acids in free and combined forms react with almost equal intensity. In a subsequent study by McComb and McCready (3) , it was found that, regardless of the degree of polymerization, the color intensity is the same and that hexose sugars interfere slightly with the carbazole color reaction. From the uronic acids, glucuronic acid gives a more intense coloration with carbazole, with manuronic acid giving only a slight reaction (3). The carbazole reaction was further modified by Bitter and Muir (4). The carbazole colorimetric method requires the scrupulous removal of nonuronide carbohydrates or else they will interfere with the analysis. The m-hydroxydiphenyl-sulfuric acid method (5) is similar to the carbazole method but is more specific for uronic acids and less sensitive to extraneous carbohydrate interferences. Specific details including modification of this method are given by McFeeters and Armstrong (6) .
The method of Dische, as modified by McComb and McCready (3), and Dietz and Rouse (2) , is still very often used for pectin determination. This method is quick, easy, and accurate when properly used. For that reason, it is the method of choice for the determination of pectin in orange juice and, generally, in fruit juices (7) (8) (9) .
The main advantages of the color carbazole reaction (1) for the quantitation of hexuronic acids is its simplicity and specificity. It was found that glucuronic and galacturonic acids in free as well as in combined form as polyuronides react with almost equal intensity. The method was later modified in order to discriminate between glucuronic and galacturonic acids (10) .
Orange juice is a very popular drink and is often adulterated by cheap substitutes of its components. Because of technical difficulties in using pectin, the natural cloud of orange juice is imitated by using different natural or synthetic hydrocolloids (e.g., gum arabic, guar gum, carboxylmethyl cellulose [CMC], etc). Some of these hydrocolloids do not belong in the polyhexuronate group and accordingly should not react with the carbazole reagent. Contrary to these assumptions, the application of the carbazole method on imitation orange juices, containing only nonhexuronate hydrocolloids and being completely devoid of pectin, resulted in highly erroneous determinations of pectin content. Several of the currently used hydrocolloids for orange juice adulteration or for the preparation of imitation orange juices do not belong to the polyhexuronide group and, accordingly, their effect on the carbazole method is not known. The scope of this study was the elucidation of the quantitative effects that different hydrocolloids have on the carbazole method.
Experimental

Materials
(a) Orange pectin, gum arabic, carrageenan, xanthan, guar gum, CMC, and sodium alginate.-We were interested to find the effects of technical grade hydrocolloids on the carbazole reaction. For that reason, the hydrocolloids tested were purchased from commercial suppliers and used without any further purification. 
Apparatus and Techniques
Solutions of 0.05% were prepared for gum arabic, carrageenan, guar gum, and xanthan; of 0.025% for pectin; and of 0.125% for CMC and alginates. According to the carbazole method [Federation International des Producteurs de Jus de Fruits (F.I.P.J.F.) 1964] pectin and the other hydrocolloids were precipitated twice with 95 and 63% ethyl alcohol in order to rid of possible monosaccharides that otherwise could be codetermined. The precipitated hydrocolloids were redissolved, and carbazole reagent and concentrated sulfuric acid were added to the solution. The solution was heated at 85°C for l5 min. The color developed was measured at 525 nm. Galacturonic acid was used for standard curve preparation. Absorbances were measured with a double-beam spectrophotometer using 1 cm cell. Results after measurements were extrapolated to 0.05% concentration for comparison reasons. The color developed according to the carbazole method was measured at 525 nm. Measurements were made against blanks consisting of mixtures of the hydrocolloid, alcohol, and concentrated sulfuric acid.
Results and Discussion
McComb and McCready (3) have found that manuronic (alginic) acid gave only a slight carbazole reaction. In determining anhydrouronic acid, arabinoze was found to interfere slightly. Also glucose and fructose were found to interfere slightly in 3-fold but not in concentration equal to anhydrouronic acid. Dietz and Rouse (2) have found that sugars, citric acid, and ascorbic acid would react with carbazole to form colored products of varying degrees of intensity. From these earlier studies, it was clear that only the uronide hydrocolloids would interfere with the carbazole reaction. Compounds examined included carrageenan, guar gum, xanthan, sodium alginate, CMC, and gum arabic. These hydrocolloids are used for cloud stabilization in imitation orange juices (11) and their compositions are described below.
Pectic substances are classified as galacturonanes (polymers of galacturonic acid), arabinans (polymers of arabinose), and galactans (polymers of galactose).
Carrageenan is a linear polysaccharide (galactan) with the galactose residue linked with alternating α(1-3) and β(1-3) linkages.
Guar gum is a galactomannan polysaccharide composed of linear D-mannose units carrying D-galactose side chains connected via 1-6 linkages.
Xanthan is a heteropolysaccharide containing D-glucose, D-mannose, and D-glucuronate in a molar ratio of 2.8:2.0:2.0.
The alginate molecule is a linear copolymer of $-D-(1-4) linked manuropyranosyluronic acid units (ManpA) and α-L-(1-4) linked gulopyranosyluronic acid units (GulpA).
SCMC (sodium carboxymethyl cellulose) is cellulose modified by introduction into the molecule of a controlled number of sodium carboxymethyl groups (NaOOC-CH 2 -) that are providing the desirable properties of water solubility. Gum arabic has a main chain of $-galactopyranose units terminating in glucuronic acid.
Result are presented in Figures 1 and 2 . It can be seen that all hydrocolloids examined absorb at 525 nm in different degrees and so they interfere with pectin determination by the carbazole method. Measurements of relative absorption intensities are presented in Table l . Pectin has the highest intensity of all hydrocolloids, being from 3.0 (carrageenan and gum arabic) to 5.7 times higher (sodium alginate).
The carbazole reaction cannot discriminate between pectin and hydrocolloids that are codetermined with pectin in the carbazole reaction. Color intensities of the carbazole reaction are 3 to 6 times higher for pectin than for equal amounts of hydrocolloids but these differences are counterbalanced by the higher amounts of hydrocolloids that are usually used in adul- terated or imitation orange juices. Thus, the use of the carbazole reaction without due consideration of these facts could lead to positive pectin determinations in juices that do not contain any pectin.
Accordingly, the application of carbazole method for pectin determination should be used only in authentic natural juices. In cases of adulterated juices where addition of extraneous hydrocolloids is possible, a hydrocolloid identification step must be performed. Different chemical and some physical methods have been proposed for the identification and determination of hydrocolloids.
AOAC INTERNATIONAL (12) has adopted different methods for the identification of gums, as in ice cream (Method 16.318) or mayonnaise (Method 30.053). A relatively simple technique is also described by Flint (13) . The method is based on the microscopic examination of particles of different hydrocolloids after treatment with aqueous toluidine blue under neutral and acid conditions and also with iodine solution. A problem with these methods is that the identification of hydrocolloids in mixtures is not easy. The method of Morley et al. (14) was found useful in this case for the separation of mixtures of common hydrocolloids and their identification by color reactions. More up-to-date information regarding detection and characterization of hydrocolloids can also be found in the work of Koswig et al. (15) . 
